The Coronary Artery Occlusion (CAO) acutely comes to human, and it highly threats the human's life. When CAO detected, Percutaneous Coronary Intervention (PCI) should be conducted timely. Before PCI, localizing the CAO is needed firstly, because the heart is covered with various arteries. We handle the three kinds of CAO in this paper and our purpose is not only localization of CAO but also improving the localizing performance via preprocessing method. We improve localization performance from a minimum of 0.150 to a maximum of 0.372 via our noise reduction and pulse extraction based method.
Introduction
The Coronary Artery Occlusion (CAO) makes thrombus or embolism and these cause sudden blood flow shutting-down [1] . The physician will conduct Percutaneous Coronary Intervention (PCI) when the patient is suffered from CAO. However, the heart is covered with various arteries such as Left Anterior Descending Artery (LAD), Left Circumflex Artery (LCX), and Right Coronary Artery (RCA) [2, 3] . Also, those arteries show various characteristic with CAO in ECG [4] .
For conducting PCI, the physician needs to know the occlusion site of the coronary artery. Taking a CT scan may be more helpful for distinguishing the location, but there is not enough time for CT scan in an emergency situation. On the other hand, ECG can quickly measure the patient's condition, although only limited information is provided. Thus, we make the best use of ECG for localizing coronary occlusion site.
Related work
One of the studies already shows the high performance at detecting coronary site location using decision tree [5] . They deal with classifying LAD, LCX, and RCA, and their average sensitivity and specificity are 72% and 92.5% respectively using improved classification algorithm than their previous work [6] . Sensitivity is a more important indicator than arXiv:1912.08375v2 [eess.IV] 19 Dec 2019 A PREPRINT -DECEMBER 20, 2019 specificity, especially in emergency medicine. However, their sensitivity is 20.5% lower than specificity. This means that only 7.5% of normal patients are missed but CAO patients are missed 28%.
The method for finding patients as much as possible is needed, and accordingly, various studies are already conducted. One of the studies suggests a preprocessing method for better performance in the same classifier [7] . That preprocessing method is dealt with in this research and several experiments for comparing and finding the better method.
Proposed approach
In this section, we present our approach for localizing coronary occlusion site. We refer to the preprocessing method in the previous STEMI detection study [7] , and classification algorithm from study of Richard et al. [5] . The above algorithm has not only simplified architecture but also improved performance than their previous work for achieving the same purpose [6] . The preprocessing method is constructed with noise reduction and pulse extraction. The noise reduction is conducted via notch filter and high-pass filter. We apply the above preprocessing method before entering the data to the classifier.
We construct the neural network architectures as shown in Figure 1 based on ResNet [8] . We construct two CNN architecture using 1D convolutiona and 2D convolution separately. For comparing the performance, we use two kind of convolution, 1 Dimensional (1D) convolution and 2 Dimensional (2D) convolution. We use both architecture for experiment and then we will select more effective model. Then, we construct the CAO localization classification algorithm based on previous work [5] . They used the three decision trees as a classifier. The first classifier is used for categorizing LAD or not, and the next two classifiers are used to classifying proximal LAD or non-proximal LAD and LCX or RCA respectively. However, we do not have the detailed label as proximal or non-proximal LAD, so we construct the classification algorithm as shown in Figure 2 . Figure 2 : The CAO classification algorithm that constructed with two-stage. We name the classifier that classifies LAD or Non-LAD as stage-1 and the other, for classifying LCX or RCA, as stage-2.
Each stage of Figure 2 is constructed with CNN as shown in Figure 1 . We pursue to confirming the effectiveness of our preprocessing method based on denoising and pulse extraction at the above classification algorithm in this paper.
Experiments
In this section, we present our dataset that originally provided by Seoul National University Bundang Hospital(SNUBH), and the experimental results. Firstly, we apply the preprocessing method as used in related work that method contains noise reduction and pulse extraction [7] . We call the each dataset as same as previous work. The two dataset, SNUBH-R and SNUBH-BP that as shown in Table 1 , are used for experiments. The SNUBH-R contains raw ECG records, and the SNUBH-BP contains extracted pulse after applying both high-pass and notch filter. Then, we conduct the experiments using above dataset and the classifier as shown in Figure 2 . We use the accuracy, sensitivity, specificity, and Area Under the Receiver Operating characteristics Curve (AUROC) [9] as the performance indicator. The performance measurement is conducted for each of the two stages as the classifier consisted of two stages. The measured performances for each stage are summarized as Table 2 and 3. When using the SNUBH-BP, dataset after preprocessing, the performance is highly improved than the case of using raw ECG record, SNUBH-R, both in the 1D-CNN and 2D CNN cases. The AUROC is increased 0.372 and 0.355 for 1D-CNN and 2D-CNN respectively. Moreover, It can be confirmed that the performance of 1D CNN is higher than 2D CNN. In stage-2, the performance is also improved with SNUBH-BP set. Thus, we confirm that our preprocessing technique can help to improve the CAO classification ability. However, the above two tables show that the 1D-CNN shows better performance than 2D-CNN, so if who wants to use CNN for classifying CAO the 1D-CNN is recommended.
Conclusion
We do not conduct the experiment for finding the optimal structure of the CNN and the hyperparameters for CNN. However, our experiments show that our preprocessing technique, based on both noise reduction and pulse extraction, can improve the classification performance with simple CNN. The performance is improved as much as 0.372 and 0.150 in stage-1 and stage-2 respectively with 1D-CNN. The CAO classification performance will be highly improved if the optimal CNN structure is found with fine hyperparameter. However, when using our preprocessing method, everyone can achieve high performance without finding the fine classifier.
